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254a Monday, February 17, 2014method allowed to witness in a single unified picture the correlation and the
associated free energy profiles among the hallmarks of the activation process
of c-Abl: the activation loop opening, the DFG motif flip, the docking of the
regulatory modules in the characteristic conformations associated to activation
and autoinhibition, with the inclusion of the bending of helix alpha-I associated
to myristate binding and alpha-C helix rotation as secondary contributing
factors.
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F1-ATPase (F1), a rotary motor protein driven by ATP hydrolysis, is unique
with respect to its high efficiency and reversibility in converting chemical
energy into mechanical work. To clarify its mechanism in detail, many re-
searchers have attempted to understand the important interactions between
each moiety of ATP and amino acid residues of F1, using various ATP analogs
and/or mutants. However, they have only used natural compounds with limited
variations until now, so, we decided to use artificial compounds in this study.
Firstly, we synthesized an artificial substrate, "ribose-triphosphate" (RTP),
lacking the base moiety, which is suggested to be important for its binding to
the catalysis site of F1. In a single molecule assay, F1 exerted a constant rotary
torque by RTP, although the binding rate of RTP was 2.1x105 times slower.
Thus, we confirmed that the base moiety is important for ATP’s binding to
F1, not for torque generation; i.e. the binding affinity is not strongly correlated
with the generated torque. Secondly, we generated a mutant F1 in which argi-
nine finger, aR364, was substituted with Lyk; an artificial amino acid that has a
side chain with an extra carbon compared to lysine. In a single molecule assay,
the mutant also rotated with the similar torque as the wild type, although its
ATP hydrolysis rate was 500 times slower. The result confirmed that the
ATP hydrolysis rate has little relation with the torque generation either. Hence,
using these two kinds of artificial compounds, we have proved that F1 could
generate the constant rotary torque even if the catalytic rate decreased drasti-
cally. We now expect that the artificial compounds may develop new research
of motor proteins in the future.
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Gas, a subunit of the heterotrimeric G protein, has a crucial role in mediating
the signal transduction from G protein coupled-receptor (GPCR) into intracel-
lular proteins. This cascade process is accompanied by conformational change
of Gas protein such as binding to b2AR as well as contributing to GDP/GTP
exchange. We investigated dynamic features of Gas based on the X-ray crystal
structure of b2AR-Gas complex and elastic network based simulation was
performed to reveal the whole conformational change pathway of b2AR-Gas
complex. The normal mode results strongly propose that N terminus of Gas
initially binds to the activated b2AR and then C terminus binding is followed.
These two binding events would break the densely connected GDP pocket site
located between two Gas subdomains (Ras-like GTPase and a-helical domain),
leading to the increase of the GDP solvent-accessible surface area. We also
identified a flexible hinge point of switch 1 linker region from the proposed
large swing motion of Gas between closed and open conformation. B-factor
comparison between GDP and GTP binding to Gas indicates that GTP binding
much more suppresses the mobility of both switch 1 and switch 2 regions, while
both N and C termini vibrate more actively. It facilitates reorientation of Gas to
its initial closed form in order to complete the entire cycle of conformational
change. This atomistic simulation not only confirms various experimental
observations regarding b2AR-Gas complex but also newly reveals the binding
affinity of Gas termini for b2AR.
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Small-angle X-ray scattering (SAXS) is a biophysical technique that allows one
to study the statistical conformation of a biopolymer in solution. SAXS data is a
low-resolution probe of conformational space because it is a population
weighted orientational average of all conformers within a conformationalensemble. Traditional biological SAXS experiments seek to describe an
‘‘average’’ structure of a protein, or enumerate a ‘‘minimal ensemble’’ of a
protein at the atomic resolution scale. However, for highly flexible proteins,
an average structure or minimal ensemble is insufficient for enumeration of
conformational space, and is an over-parameterized model of the statistical
conformation. We developed a minimally parameterized model that describes
the statistical conformation using polymer physics theory. We have used this
model to fit the SAXS data for a highly flexible protein, Staphylococcal protein
A (SpA-N).
SpA-N is a multi-domain protein consisting of 5 globular IgG binding domains
separated by a six residue flexible linker. We collected SAXS data on SpA-N
and constructs consisting of 1, 2, 3, 4, and 5 domain modules in order to study
the role of the number of modules on the statistical conformation of this impor-
tant S. aureus virulence factor. Here we define a new polymer physics model
and a scattering function with which to fit the SAXS data. We show that
the model, which has three adjustable parameters, can fit the SAXS data of
SpA-N, and is an analytical description of the statistical conformation. We
propose a protocol employing polymer physics to describe the statistical
conformation of other flexible proteins. This analytical description of confor-
mational space provides a depiction of the statistical conformation of a flexible
protein that, while lacking atomistic detail, properly reflects the information
content of the data.
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The protein complex of Lysine Specific Demethylase-1 (LSD1) with its
co-repressor (LSD1/CoREST) catalyzes the demethylation of the H3-histone
N-terminal tail and is a target of outstanding relevance for drugs against cancer
and neurodegenerative disorders. However, little is known to date on the rela-
tionship between LSD1/CoREST molecular recognition and the molecular
mechanisms of epigenetic modulation. Using molecular dynamics simulation,
we have previously shown that LSD1/CoREST is a highly dynamic nanoscale
clamp; we proposed that binding of the H3-histone N-terminal tail reduces the
clamp rotation around the Tower domain by means of an allosteric mechanism.
Here, we present new studies of LSD1/CoREST clamp dynamics and substrate
recognition using adaptive biasing force simulations to detail the biophysical
nature of the previously discovered motion. The allosteric mechanism is found
to be qualitatively independent of the force field and of the sampling approach
employed. Free energy profiles are obtained using enhanced sampling ap-
proaches. Overall, our study reveals an unprecedented view on LSD1/CoREST
molecular recognition and dynamics and paves a route for a more general un-
derstanding of epigenetic regulation at the molecular level, thus aiding future
drug discovery campaigns.
1. Shi Y, Nat. Rev. Genet. 2007, 8, 829.
2. Forneris F et al. LSD1: oxidative chemistry for multifaceted functions in
chromatin regulation. TiBS, 2008, 33,181.
3. Baron R; Vellore NA. LSD1/CoREST is an allosteric-nanoscale clamp regu-
lated by H3-histone-tail molecular recognition. PNAS 2012, 109, 12509.
4. Baron R; Vellore NA, LSD1/CoREST reversible opening-closing dynamics:
discovery of a nanoscale clamp for chromatin and protein binding. Biochem-
istry 2012, 51, 3151.
5. Robertson JC et al. Expanding the Druggable Space of the LSD1/CoREST
Epigenetic Target: New Potential Binding Regions for Drug-Like Molecules,
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Multidrug resistance protein 1 (MRP1/ABCC1) effluxes a wide variety of drugs
as well as conjugated and unconjugated organic anions across the plasma mem-
brane. MRP1 has two nucleotide binding domains (NBDs) and three membrane
spanning domains (MSDs). Substrate translocation through the MSDs is
coupled to the catalytic activity at the cytoplasmic NBDs. In this study, we
investigated the structural dynamics of the MRP1 transporter. A 2-color
MRP1 construct was engineered by fusing GFP and tag-RFP at the C-terminal
of NBD1 and NBD2 respectively. Immunoblot analysis showed an expected
single band at ~250 kDa size and the recombinant protein trafficked properly
to the plasma membrane as determined by fluorescence microscopy. Cells
expressing 2-color MRP1 showed no doxorubicin accumulation whereas
Monday, February 17, 2014 255auntransfected cells retained high levels of this drug indicating that the MRP1
protein is functional. Using fluorescence recovery after photobleach (FRAP)
we also demonstrated that the 2-color MRP1 is freely diffusible within the
plasma membrane. 2-color MRP1 exhibited dynamic FRET changes in response
to ATP and ATP þ substrate but not by substrate alone. FRET changes were
quantified as an index of MRP1 conformational changes. These FRET changes
correlate well with the available crystal structures which show close interaction
of NBDs in the presence of ATP. Furthermore, we showed that ATP increased
FRET in a concentration dependent manner with an apparent affinity of 107 mM.
The data suggested that the relative affinity of MRP1 for nucleotides was ATP>
ADP >> AMP. Finally, interactions of ATP analogs (ATPgS, AMP-PNP,
AMP-PCP) with MRP1 revealed their lower affinity compared to ATP, since
much higher amounts were required to induce the NBD closure. Our results
provide insight into the structural dynamics of the MRP1 tranporter.
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Pseudomonas aeruginosa (PA) is a pathogenic bacterium that can be fatal in
persons with compromised immune systems. Increasing resistance to current
antibiotics has generated a requirement to develop not only novel drug design
methods, but a greater understanding of the drug delivery process. Resistance
of PA is partly due to a complex outer membrane (OM), which has low perme-
ability. Substrate specific beta-barrel proteins mediate drug transport across the
OM. It is this substrate specificity that provides the innate defense mechanism.
Molecular dynamics (MD) and steered molecular dynamics (SMD) have lead to
an increased understanding of the arginine
transport pathway through the PAOM pro-
tein OccD1. Specific binding events
thought to be key to transport have been
observed; such as OccD1 loop movements
and flipping of key residues. Additionally
we have performed free energy calcula-
tions of a range of substrates across the
PA OM to determine energetic barriers
that must be overcome for permeation.
Our results provide a key step towards
developing novel PA antibiotics. A portion
of this work was performed under the aus-
pices of the U.S. Department of Energy by
Lawrence Livermore National Laboratory
under Contract DE-AC52-07NA27344.
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Escherichia coli (E. coli) are gram-negative bacteria commonly found in
human guts but which can cause food poisoning or severe systemic infections
such as meningitis. Unlike other bacteria, gram-negative cells have an addi-
tional asymmetric outer membrane (OM) which consists of tightly-packed lipo-
polysaccharides in the outer leaflet of membrane and phospholipids on the
inside. The OM is a selective permeability barrier and protects E. coli from
antibiotics and bile acids. The occurrence of antibiotic-resistant bacteria is
becoming increasingly serious and owing to the tightly-packed OM gram-
negative bacteria can show even higher antibiotic resistance. In the search
for novel effective antibiotics, Colicin N (ColN) is a promising model. ColN
is a bacterial toxin produced and secreted by E. coli in time of stress.It trans-
locates across the OM of target cells and kills via a voltage dependent channel
in the inner membrane. ColN exploits outer membrane protein F (OmpF) as
both a receptor and translocator. The pore-forming domain binds to the outside
of OmpF (1, 2). Here we study the OmpF/ColN translocation complex in the
presence of non-ionic detergents, where binding is driven by the translocation
domain. The structure of complexes was determined by small angle neutron
scattering using the SANS2D beam line and utilizing a contrast variation strat-
egy with selective deuteration of proteins and Octyl Glucoside (OG). Mixing of
three OG forms achieved exact contrast matches with the solvent. This enabled
a low resolution structure of the translocon to be derived from ab initiomodeling and revealed that the translocation and receptor-binding domains
of ColN bind to the middle of the OmpF trimer.
1. Baboolal, T. G. et al.Structure16, 371, (2008).
2. Clifton, L. A. et al.J. Biol. Chem.287, 337,(2012).
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SSRIs are the most commonly prescribed medication to treat mood, anxiety and
personality disorders. SSRIs relieve symptoms of depression by selectively in-
hibiting the reuptake of the neurotransmitter serotonin from the synaptic cleft
by the human serotonin transporter (hSERT). However, SSRIs also have
weak affinities for the homologs of hSERT, the dopamine and norepinephrine
transporters (hDAT and hNET). These promiscuous interactions of SSRIs with
other neurotransmitter transporters can lead to severe side effects. A thorough
understanding of the structural basis of SSRI-transporter interaction and selec-
tivity is thus imperative for developing more potent and specific depression
medication.
In this study, we constructed homology models of hSERT, hDAT and hNET
bound to the SSRIs, namely, sertraline, R-flouxetine and S-fluoxetine. Five
models were selected for each complex and protein residues within 3.5 A´˚ of
the bound SSRI were designated as the drug-binding residues. A total of 45
high-level quantum chemical calculations were performed using dispersion-
corrected density functional theory (DFT-D3) and Ahlrich’s triple-zeta basis
set to estimate the interaction energies between drug-binding residues and
SSRIs. Analysis of interaction energies clearly showed that hSERT exhibits
the most favorable interaction energy for all three SSRIs. Analysis of non-
covalent interactions between the protein and the inhibitors revealed the pres-
ence of additional stabilizing interactions in hSERT-SSRI complexes. Residues
at structurally-equivalent positions in hNET and hDAT clearly lack those
favorable interactions.
These calculations, for the first time, shed light on specific interactions respon-
sible for SSRI selectivity in human neurotransmitter transporters. This knowl-
edge can help in rational design of highly selective and more potent
antidepressants.
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Most ion channels are triggered by binding ligands or are voltage gated,
whereas channelrhodopsin-2 (ChR2), a phototaxis receptor of algae, is a cation
channel activated by light. This unique property is employed to optically trigger
action potentials and other cellular activities. Besides its broad application in
neurological research, light excitability makes ChR2 accessible to a broad
range of spectroscopic techniques even on ultrafast timescales with the aim
to address the functional mechanism of this unique membrane protein. The
recently published structure on a ChR1/ChR2 hybrid resolved at a resolution
of 2.3 A˚ provides a firm basis for probing structural changes at different posi-
tions during channel activity.
Two variants which contain either 1 or 2 wild-type cysteines were derivatised
with nitroxide spin label and subjected to pulsed electron double resonance
(pELDOR) spectroscopy. Both variants contained the C128T mutation to
trap the long-lived P3
520 state by illumination as demonstrated by FTIR differ-
ence spectroscopy. Comparison of spin-spin distances in the dark state and after
illumination reflect conformational changes in the conductive P3
520 state
involving helices B and F. Spin distance measurements reveal that ChR2 forms
a dimer in the absence of intermolecular N-terminal cysteine.
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Neurotransmitter transporters, such as monoamine transporters (MATs), are
membrane-bound proteins on the presynaptic terminal responsible for the
reuptake of neurotransmitters from the synaptic cleft. Function of the MATs
is associated with mood, emotion, and movement, among others. Dopamine
transporter (DAT), a member of the MAT family, is responsible for the
